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Objective To assess the clinical effect of an initial sustained inflation of 10 seconds and 25 cmH2O in preterm
infants at birth.
Study design In this observational study inflation pressures and tidal volumes were recorded with the use of
respiratory function monitoring of preterm infants <32 weeks’ gestation receiving a sustained inflation. Inspiratory
tidal volume (Vti) and expiratory tidal volume (Vte) of sustained inflation and cumulative Vti and Vte of breaths during
sustained inflation were determined. Heart rate and oxygen saturation were measured before and after the
sustained inflation.
Results Seventy infants were included (median [IQR]: gestational age 29 [27-30] weeks). Mean (SD) sustained
inflation duration was 10.5 seconds (2.9 seconds) with positive inflation pressure 24.2 cmH2O (2.3 cmH2O) and pos-
itive end-expiratory pressure 6.0 cmH2O (1.8 cmH2O). In 20 of 70 infants, no volumes were delivered during the sus-
tained inflation because of mask leak. No leak occurred in 50 of 70 infants, of whom 36 of 50 breathed during the
sustained inflation. In 14 of the infants who did not breathe, Vti and Vte were 0.9 mL/kg (0.4-2.7 mL/kg) and
0.6mL/kg (0.1-2.0mL/kg) with a functional residual capacity (FRC) gain of 0.0 (0.5 to 0.6) mL/kg. In 36 of 50 infants
who breathed during the sustained inflation, Vti was 2.9 mL/kg (0.9-9.2 mL/kg) and Vte 3.8 mL/kg (1.0-5.9 mL/kg),
whereas cumulative Vti of breaths was 16.4 mL/kg (6.8-23.3 mL/kg) and cumulative Vte of breaths was 5.8 mL/kg
(1.2-16.8 mL/kg) with an FRC gain of 7.1 mL/kg (1.7-15.9 mL/kg). Heart rate and oxygen saturation did not increase
immediately after the sustained inflation.
Conclusions A sustained inflation of 10 seconds and 25 cmH2O in preterm infants at birth was not effective un-
less infants breathed. Although large mask leak accounted for approximately one-third of failures, as FRC gain
was only associated with breathing, we speculate that active glottic adduction may be responsible for most fail-
ures. (J Pediatr 2014;165:903-8).See editorial, p 886any preterm infants need positive pressure ventilation (PPV) to aerate their lungs after birth to overcome the highMsurface tension and frictional forces caused by liquid-filled airways.1 An initial sustained inflation may improvelung aeration and functional residual capacity (FRC) during the resuscitation of preterm infants at birth.2,3 During
a sustained inflation, a positive inflation pressure (PIP) is administered for a prolonged period, which allows time for the air/
liquid interface to move into the distal airways.4
Studies performed in preterm rabbit pups with simultaneous phase-contrast radiograph imaging and plethysmography have
shown that an initial sustained inflation immediately after birth provided more uniform lung aeration, larger FRC, and more
consistent tidal volumes than regular PPV.4,5 An experimental study using sustained inflation of 20 seconds for the resuscita-
tion of asphyxiated lambs improved respiratory and hemodynamic function, causing a prompt increase in heart rate (HR) after
the sustained inflation was applied.6 Although clinical studies reported less need for intubation, mechanical ventilation and
bronchopulmonary dysplasia when a sustained inflation was applied at birth,7-10 the clinical effect in preterm infants remains
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FRC Functional residual capacity
HR Heart rate
PIP Positive inflation pressure
PPV Positive pressure ventilation
SpO2 Oxygen saturation
Vte Expired tidal volume
Vti Inspired tidal volume
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THE JOURNAL OF PEDIATRICS  www.jpeds.com Vol. 165, No. 5infants at birth by using respiratory function monitoring and
often observed inadequate low tidal volumes and large mask
leak.18 We also reported that spontaneous breathing during
PPV frequently occurred.18
In experiments on animals, a sustained inflation improved
lung function without adverse circulatory effects and posi-
tively affected cerebral oxygenation.19 A recent trial in pre-
term infants showed beneficial effects of a ventilation
strategy that incorporated a sustained inflation of 10 sec-
onds.10 We recently reported the respiratory function mea-
surements of 5 initial inflations of 2-3 seconds,18 but the
direct effect of a 10-second sustained inflation has not been
investigated in infants.When leak occurs during the sustained
inflation, gas flow remains positive for a prolonged period,
and a supraphysiological inspired tidal volume (Vti) will be
measured; however, because very little volume entered the
airways, the expired tidal volume (Vte) is very low. In the
absence of mask leak, low inspired volumes also occur when
the mask obstructs the mouth and nose, secretions block
the oropharynx, the glottis is closed, or the PIP is not high
enough to overcome the frictional resistance of moving the
air-liquid interface distally. The aim of this observational
study was to investigate the clinical effect of a sustained infla-
tion during initial respiratory support in preterm infants at
birth by measuring clinical variables and lung function.
Methods
The local institutional review boards of the Leiden University
Medical Center approved physiologic and video recordings
at birth in the delivery room when respiratory support was
expected. Recordings are performed as a standard of care in
our unit. The data for this observational study were prospec-
tively collected for audit, teaching, and research purposes
with written parental consent after birth.
Respiratory support was delivered with a T-piece resusci-
tator (Neopuff, Fisher & Paykel, Wellington, New Zealand)
and a properly sized round face mask (35-mm face mask;
Fisher & Paykel, Wellington, New Zealand, or size 0/0 or
0/1 face mask; Laerdal, Stavanger, Norway). Since 2010,
our local resuscitation guidelines deviated from the national
guidelines by recommending to start respiratory support
(PPV or continuous positive airway pressure) in preterm in-
fants (<32 weeks’ gestational age) with an initial sustained
inflation of 10 seconds using a PIP of 25 cmH2O and a pos-
itive end-expiratory pressure of 5 cmH2O with a fractional
inspired oxygen of 0.3. Respiratory support was given if the
infant was apneic (PPV), had labored breathing (continuous
positive airway pressure), and/or the HR was less than 100
beats per minute.
Physiologic and video recordings were performed in pre-
term infants if there was time to set up the equipment. The
use of a respiratory function monitor (Acutronic Medical
Systems AG, Hirzel, Switzerland), a pulse oximeter (Masimo
Radical 7, Masimo Corporation, Irvine, California), and
Spectra program (Spectra, Grove Medical Limited, Hamp-
ton, United Kingdom) for physiologic recordings has been904described in detail in a previous publication.18 According
to the manufacturer, the Florian respiratory function
monitor is able to measure accurately down to 90 mL/min
(1.5 mL/s).20 However, to determine the accuracy of the Flo-
rian, we performed a bench study using a gas flow analyzer
(Biotek Instruments, Winooski, Vermont) and observed
the following: (1) gas flow could be measured accurately
down to a gas flow of 50 mL/min (0.8 mL/s); (2) <50 mL/min
gas flow was measured, but values became inaccurate; and
(3) when gas flow was stopped, the Florian accurately showed
zero flow. The hot-wire anemometers are capable of accu-
rately measuring even lower gas flows.21,22
Recordings were reviewed from infants born between 2009
and 2013. Recordings were made of infants who were ex-
pected to need respiratory support born <32 weeks of gesta-
tional age, without congenital malformations regardless if
prenatal steroids were administered or oligo- or anhydram-
nios existed. Recordings were analyzed only when a face
mask was used for the administration of the initial sustained
inflation.
Vti, Vte, and cumulative Vti and Vte of spontaneous
breaths during the sustained inflation were determined.
When during a sustained inflation breathing occurred, Vti
and Vte were determined at the plateau level before the
breath. Leak (%) was calculated using the formula
([Vti Vte]/Vti) 100. When little mask leak occurred, tidal
volumes and gain in FRC could be calculated. In this case
flow goes back to zero soon after commencing the sustained
inflation when the passive inflation has ended. FRC gain was
calculated by subtracting total expiratory volume from inspi-
ratory volume. HR and oxygen saturation (SpO2) were deter-
mined directly before and after the sustained inflation and
30 and 60 seconds after the sustained inflation using a pulse
oximeter (Masimo Radical 7, Masimo Corporation, Irvine,
California).
As described in previous clinical3,8-10 and experimental
studies,4,5,19 the pulmonary effects of an effective sustained
inflation would be characterized by a volume that increases
during a prolonged period of PIP. The gas flow will be char-
acterized by a peak positive flow at the start, followed by
slower positive gas flow reflecting airway recruitment
caused by the liquid-air interface moving distally and
creating a FRC. Because the flow wave characteristics of
face mask leak are similar to FRC recruitment, it is difficult
to differentiate effect of the sustained inflation on FRC from
mask leak. However, when mask leak occurs during a sus-
tained inflation with a flow of 8-10 L/min, a continuous
leak with high gas flows is observed. Thus, when the
measured Vti was supraphysiological (greater than the total
lung capacity of approximately 60 mL/kg) and the Vte was
small, this was deemed to be attributable to mask leak.
The flow returns to zero immediately after the initial pos-
itive peak in flow at the start of the sustained inflation. This
reflects that nomask leak occurred, but also little or nomove-
ment of the liquid-air interface recruiting the airways. The
appearance of spontaneous breaths can be identified during
the sustained inflation by the presence or absence ofvan Vonderen et al
November 2014 ORIGINAL ARTICLESinspiratory and expiratory gas flow patterns during the sus-
tained inflation. Infants can continue breathing after the sus-
tained inflation or infants can stop breathing after the
sustained inflation (Figure 1).
Statistical Analyses
Data were analyzed with SPSS (IBM, version 20.0, 2012,
Chicago, Illinois). Results are presented as mean (SD) for
normally distributed values or median (IQR) and median
(range) for non-normally distributed values. Variables were
compared with a paired t test or analysis of variance for nor-
mally distributed values and a c2 test for binomial distributed
data. Statistical significance was defined as P < .05. Reported
P-values are 2-sided.
Results
Recordings of 131 infants were reviewed and 61 infants
needed to be excluded from analysis (gestational age [median
{range}] 28 [24-31]); 11 infants did not receive any respira-
tory support, 15 infants only received continuous positive
airway pressure, in 14 infants the sustained inflation could
not be recorded or not administered, and 21 infants received
5 sustained inflation s of 2-3 seconds. In total 70 infants were
included in the study. Demographics were comparable
(Table I).
Effect of the Sustained Inflation: Lung Function
Measurement
In 70 infants, sustained inflations were given with a mean
(SD) length of 10.5 seconds (2.9 seconds) using a PIP of
24.2 cmH2O (2.3 cmH2O) and a positive end-expiratory
pressure of 6.0 cmH2O (1.8 cmH2O). The median (IQR)
Vte of the initial sustained inflation was 2.1 mL/kg
(0.0-5.1 mL/kg). In 10 of 70 infants, a second sustained infla-Figure 1. Recording of a sustained inflation with breathing that co
A, a large leak occurs during these inflations, and B, a sustained
prolonged period of apnea during which the infant is evaluated. B
Effects of a Sustained Inflation in Preterm Infants at Birthtion was given with Vte 0.5 mL/kg (0.0-4.4 mL/kg) and in 3 of
70 infants, a third sustained inflation was given with Vte
2.7 mL/kg (0.0-7.7 mL/kg).
The sustained inflations were differentiated according to
the defined gas flow and volume characteristics. In 20 infants,
gas flow remained positive during sustained inflation. All
measured Vti was supraphysiological with median (range)
Vti of 133.8 mL/kg (64.3-672.8 mL/kg) and very little (0 [0-
7.8] mL/kg), most likely caused by large leak (calculated 100
[1] %) (Figure 2, A; available at www.jpeds.com). In 50
infants, gas flow went back to zero immediately after the
initial peak flow at the beginning of sustained inflation. In 14
of 50 infants, no breathing was observed during the sustained
inflation. Median (IQR) Vti and Vte was 0.9 mL/kg (0.4-
2.7 mL/kg) and 0.6 mL/kg (0.1-2.0 mL/kg), respectively,
resulting in a FRC gain of 0.0 mL/kg (0.5 to 0.6) mL/kg
(Figure 2, B).
In 36 of 50 infants, breathing was observed during the sus-
tained inflation. In these 36 infants, 2 (1-4) breaths were
taken during the sustained inflation producing a Vti of
2.9 mL/kg (0.9-9.2 mL/kg) and a Vte of 3.8 mL/kg
(1.0-5.9 mL/kg); the cumulative Vti of spontaneous breaths
was 16.4 mL/kg (6.8-23.3 mL/kg) and cumulative Vte of
spontaneous breaths 5.8 mL/kg (1.2-16.8 mL/kg) with a
FRC gain of 7.1 mL/kg (1.7-15.9 mL/kg). In 29 of 36 infants
breathing continued after the sustained inflation and in 7 of
36 infants breathing was observed during the sustained infla-
tion, but these infants did not recommence breathing until
24.8 seconds (12.0 seconds) after the sustained inflation
(Figure 1).
Effect of the Sustained Inflation on HR and SpO2
HR did not change in any of the groups of infants before vs
after the sustained inflation. In infants with large leak or no
breathing during the sustained inflation, HRwas significantlyntinues directly after the sustained inflation during PPV; also,
inflation with breathing where breathing recommences after a
reaths are indicated by the arrows.
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Table I. Demographics for the infants included in the
study
Large leak
(n = 20)
No breathing
(n = 14)
Breathing
(n = 36)
P
value
Sex, % male 70 57 59 .85
Birth weight,
g, mean (SD)
1140 (225) 1016 (314) 1061 (313) .27
Gestational age, wk 28 (27-31) 27 (24-31) 29 (24-31) .15
Apgar, 1 minute 5 (1-10) 3 (1-7) 5 (1-10) .11
Apgar, 5 minutes 7 (5-10) 7 (5-10) 7 (2-10) .56
Apgar, 10 minutes 9 (7-10) 9 (7-10) 8 (3-10) .06
Mode of delivery
(% cesarean)
39 50 50 .14
Complete course
of corticosteroids, %
44 79 73 .20
P-values for the difference between the 3 groups are given. Numbers are median (range) unless
otherwise indicated.
Table III. Mean (SD) SpO2 (%) determined before and
directly after the sustained inflation and at 30 seconds
and 60 seconds after the sustained inflation for infants
with large leak during the sustained inflation and infants
who breathed or did not breathe during the sustained
inflation
Large leak
(n = 20)
No breathing
(n = 14)
Breathing
(n = 36)
SpO2 before sustained
inflation
58 (24) 35 (20) 56 (16)
SpO2 after sustained
inflation
57 (24) 30 (16) 56 (24)
P value (before-after
sustained inflation)
0.60 0.11 0.58
SpO2, 30 seconds 49 (31) 35 (18) 64 (17)
SpO2, 60 seconds 55 (18) 40 (21) 63 (19)
P value (after sustained
inflation: 60 seconds)
0.67 0.81 0.56
THE JOURNAL OF PEDIATRICS  www.jpeds.com Vol. 165, No. 5increased from directly after the sustained inflation to 60 sec-
onds after the sustained inflation. In infants who were
breathing during the sustained inflation, there was no signif-
icant difference (Table II). Similarly, SpO2 levels before vs
after the sustained inflation were not significantly different.
Also, no significant differences were found up to
60 seconds after the sustained inflation (Table III).
Discussion
We report airflow and volume measurements when applying
a sustained inflation via a face mask in preterm infants at
birth. We observed that a sustained inflation of 10 seconds
with a peak pressure of 25 cmH2O was not effective in
creating adequate tidal volumes and FRC. In contrast, spon-
taneous breathing during the sustained inflation resulted in
larger tidal volumes, which was probably responsible for
the establishment of a large fraction of the reported FRC
gain in these infants. In a considerable number of the infants
recruited into the study, the effect of sustained inflation on
FRC gain was impaired by large leak and limited volumeTable II. Mean (SD) HR determined before and directly
after the sustained inflation and at 30 seconds and
60 seconds after the sustained inflation for infants with
large leak during the sustained inflation and infants who
breathed or did not breathe during the sustained
inflation
Large leak
(n = 20)
No breathing
(n = 14)
Breathing
(n = 36)
HR before sustained
inflation
90 (32) 86 (32) 99 (34)
HR after sustained
inflation
87 (28) 82 (28) 99 (34)
P value (before-after
sustained inflation)
0.60 0.54 0.38
HR, 30 seconds 104 (45) 71 (25) 109 (38)
HR, 60 seconds 114 (27) 103 (31) 107 (37)
P value (after sustained
inflation: 60 seconds)
0.03 0.03 0.93
HR is shown in beats/min.
906was delivered. However, even in infants where no leak was
present, the delivered volumes achieved by the sustained
inflation were very low. The absence of any direct clinical
response, ie, prompt increase in HR or SpO2, in apneic in-
fants confirms that the sustained inflations applied were
inadequate.
In contrast to our findings, in previous studies in asphyxi-
ated term infants3 and in preterm rabbit pups4,5 the sustained
inflation was effective in creating inspiratory volume and FRC.
Applying an initial sustained inflation of 5 seconds in asphyx-
iated term infants led tomean volumes of 12 (8) mL/kg and an
FRC of 6 (3) mL/kg.3 Furthermore, in preterm rabbit pups an
initial sustained inflation of 5, 10, and 20 seconds led to inspi-
ratory volumes of 5, 10, and 23mL/kg, respectively, resulting in
an immediate FRC of 6, 8, and 13 mL/kg.5 In both studies the
sustained inflation was applied via an endotracheal tube, by-
passing the glottis andminimizing leak. In our study, sustained
inflations were applied via a face mask and large leak explains
why little or no volume was delivered in a large proportion
of the patients.
In the absence of significant leak, however, it is possible
that closure of the vocal cords in both breathing (ie, between
breaths) and apneic infants could cause obstruction and this
would explain the low volumes delivered during the sus-
tained inflation. Indeed, it is well established that the fetal
glottis is actively adducted during apnea, which prevents
lung liquid loss during apnea.23 Thus, possibly the glottis is
adducted in apneic infants immediately after birth. In spon-
taneous breathing preterm rabbit pups and infants expiratory
braking maneuvers (expiratory hold) frequently occurred.
During this braking the glottis was adducted.24,25 It was
also possible that obstruction occurred at the pharyngeal
level by the relative large tongue12 or obstruction of the
nose and mouth with improper mask technique.26 However,
this would also cause obstruction during inspiration and air
entering the lung during inspiration was observed frequently
during the sustained inflation. In addition, the duration of
the sustained inflation was shorter compared with othervan Vonderen et al
November 2014 ORIGINAL ARTICLESstudies.9,27 It was possible that the pressure was not high
enough and/or the duration was not long enough (ie, pres-
sure time integral; 25 cmH2O applied with a duration of
10 seconds) for efficient lung aeration. However, the dura-
tion and pressure with which a sustained inflation was
administered was chosen as a standard practice after clear
benefit was shown by a randomized controlled trail.10
The purpose of applying a sustained inflation for lung aera-
tion is to overcome the high resistance of the liquid filled lung
by administering PIP for a prolonged period. In this context,
an effective sustained inflation given via a face mask would be
characterized by an early inspiratory increase in gas flow
(pressurization oropharynx and trachea). After the initial in-
crease, a smaller positive gas flow would be expected to
continue throughout a large part of the sustained inflation,
which reflects the gradual increase in lung air volume due
to the air-liquid interface moving distally. Although we
observed comparable flow patterns, these were most likely
caused by a large leak as supraphysiological Vtis were
measured and very little volume returned at the end of the sus-
tained inflation. In infants where no leak occurred, the gas
flow returned to zero immediately after the early peak flow.
The results in this study are in line with our previous study
where we observed low tidal volumes during mask ventila-
tion, but spontaneous breathing did markedly contribute
to the effectiveness of resuscitation.18 The volumes of the
spontaneous breaths during the sustained inflation were
considerably larger than the tidal volumes created by the sus-
tained inflation and are larger than what is currently consid-
ered as the safe range for ventilation (4-8 mL/kg).28 However,
in term infants, the first Vtis resulting from spontaneous
breaths are reportedly larger than the following breaths.29,30
Because an increase in FRC was only seen when breaths
were observed during the sustained inflation, it is possible
that a sustained inflation augments or induces a breathing re-
flex. When air does not enter the lung, the sustained inflation
will pressurize the upper airway. Tomori et al31 have
described that increased pressurization causes an inspiratory
aspiration reflex, although this is not followed by a normal
expiration. In some infants breaths only occurred during
the sustained inflation, which could be caused by a Heads
paradoxical reflex.32 However, to induce this reflex, air
must enter the lung.
HR increased promptly (within 4 seconds) after an initi-
ating a sustained inflation in intubated term asphyxiated
lambs,6 but this could not be confirmed in our study. The
lack of effect in HR and SpO2 in apneic infants reflects the
likelihood that sustained inflations given were probably inef-
fective. This is in line with the observation of Fuchs et al,27
where little effect was seen after the first sustained inflation.
However, the first sustained inflation was 20 cmH2O, but if
the second sustained inflation was given at 25 cmH2O HR
and SpO2 changed.
27 It was also observed that HR and
SpO2 remained low in the first minute after administration
of the first sustained inflation.27 The characteristic of the
applied sustained inflation were similar to the sustained
inflation used in our randomized controlled trial comparingEffects of a Sustained Inflation in Preterm Infants at Birth2 delivery room strategies.10 Our current study makes it un-
likely that the application of a sustained inflation contributed
to the short term benefits found.10 However, experimental
animal data4-6,19 showed several beneficial short-term effects
of applying sustained inflation at birth, and this warrants
more clinical studies to determine how to apply the sustained
inflation more effectively, including studying the appropriate
length and pressure.
In this study, a hot wire anemometer placed between the
mask and T-piece was used, which is not designed to measure
the very low gas flows expected during a sustained inflation,
and we may have underestimated the volumes administered
during the sustained inflation; however, a bench test showed
that the Florian monitoring could measure, although inaccu-
rately, flow even <50 mL/min and zero flow were observed
when flow was stopped. Therefore, we are confident that
only very small gas flows could have been missed, which
would have a negligible effect on lung aeration. Differences
in Vte and Vti during the sustained inflation caused by
mask leak could be misinterpreted as FRC. However, because
the sustained inflation was given for 10 seconds, it was clearly
visible that gas flow went to zero and remained zero, indi-
cating that if a difference in Vti and Vte occurs, it must be
a gain or loss in FRC.
We were able to record data in infants if there was time to
set up the equipment and the research team was available.
Therefore, a bias could have occurred. However, there was
no selection in the preterm infants recorded, not being able
to record infants occurred by chance.
An initial sustained inflation of 10 seconds and 25 cmH2O
in preterm infants at birth was not effective in creating lung
volumes unless infants had spontaneous respiratory efforts
and no immediate effect in HR and SpO2 was observed. Large
mask leak did not result in clinically relevant tidal volumes
and in the absence of leak only very small tidal volumes
were observed. This could be caused by obstruction (possibly
attributable to a closed glottis) or by a pressure-time integral
that was too low. It is possible that the sustained inflation in-
duces reflexes, eliciting or augmenting inspiratory effort,
which aerates the lung. n
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Figure 2. A, Recording of a sustained inflation with large leak and B, sustained inflation without leak or breathing.
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